There are good theoretical reasons for supposing that long-term treatment with a beta-blocker would improve symptoms and survival in patients with heart failure. A series of small studies have shown that beta-blockers improve haemodynamic parameters, but it is well known that these correlate poorly with symptoms. There is some evidence that exercise tolerance is also improved. Although there is so far no convincing evidence that beta-blockers prolong survival in patients with heart failure the development of a new generation of these drugs with additional vasodilating properties makes further large studies essential. 
Introduction
Activation of the sympathetic system and an increase in circulating catecholamines is a proper and useful circulatory response to heart failure, and it is a common clinical experience that the introduction of a betablocker -for example, for the secondary prevention of myocardial infarction -may induce heart failure. However, we now accept that activation of the reninangiotensin system -also entirely appropriate in mild or pre-clinical failure -can reach the point where vasoconstriction and sodium retention are totally inappropriate. The assumption is that the sympathetic system may also become inappropriately overactivated with excess vasoconstriction, and that treatment with a beta-blocker would protect the circulation from these excessive effects.
There are many possible ways in which excess sympathetic activation could be harmful, but it is not clear which, if any, are important.
First, Beta-1 receptors are downregulated in the failing heart, and the response to beta-agonist drugs is attenuated' 1 '. In theory, long-term treatment with a beta-blocker can allow upregulation of receptors, and restore the heart to an appropriate response to beta stimulation.
Second, plasma noradrenaline levels are a marker of the severity of heart failure, and sympathetic activation can be detected before clinical heart failure is apparent. In animal models high concentrations of catecholamines cause necrosis of myocardial cells and beta-blockers are protective but whether this applies to the failing human heart we do not know 121 . Bucindolol treatment has been associated with a marked fall in plasma noradrenaline 131 but whether this has a primary effect (by reducing spill-over from synaptic clefts or by increasing noradrenaline clearance) or a secondary effect due to improvements in heart failure is not clear.
Third, it has been proposed that beta-blockers improve ventricular function. Beta-blockers might be expected to have an anti-ischaemic effect and therefore improve systolic function, and possibly diastolic function also [4] . Fourth, the post-infarction trials showed that at least in this clinical situation beta-blockers reduced sudden death. Sudden death and arrhythmias are common in patients with heart failure (reported in various series to be between 4% and 86% of deaths) and significant arrhythmias also occur : 25%-71 % of patients in various studies have been shown to have ventricular tachycardia' 21 . Sub-group analysis of the BHAT propranolol post-infarction study has shown that the greatest reductions in fatality were among patients with mild or moderate heart failure 151 . Finally, stimulation of the renin-angiotensin system in heart failure is in part due to increased sympathetic tone, and this might be inhibited by beta-blockers.
An improvement in heart failure with propranolol and alprenolol was first described by Waagstein in 1975 [6] , but beta-blockers are by no means a standard way of treating heart failure. However, evidence is increasing that they have a useful role. With the Gilbert (1990) introduction of beta-blockers with vasodilating properties, and the realization that heart failure is common and carries a very poor prognosis, it is not surprising that the possible value of beta-blockers for the treatment of heart failure is attracting increasing attention. However, theoretical reasons why beta-blockers should be useful in heart failure are not sufficient for them to become routine clinical practice, nor are small studies which were not randomized and double-blind. It is essential to remember that haemodynamic parameters such as heart rate, blood pressure, cardiac output and ejection fraction correlate poorly with a patient's symptoms, and inducing haemodynamic improvement may well not improve exercise time or quality of life. Similarly, symptoms and survival are not well correlated, as was shown by the ability of drugs such as milrinone 171 to improve exercise ability but to cause an excess of deaths.
Haemodynamic studies, which are usually shortterm, are relatively easy to perform in patients with heart failure; a group of 20 to 30 patients is usually sufficient to give a significant result. Exercise testing is much more difficult: patients vary considerably over a period of weeks or months, with spontaneous improvement, and with changes in concomitant medication. Heart failure carries a poor prognosis and it must be expected that in a 3 month study several patients will die, making the statistical handling of data very difficult. Two hundred to 300 patients are likely to be needed for an exercise study to give a clear result. If we assume that a treatment such as a beta-blockers might reduce fatality in heart failure by one quarter, the number of patients needed in a trial will depend on their clinical state (the worse the risk, the less patients needed) but roughly 2000-3000 patients will have to be included. The problem has been made even more difficult by the clear demonstration that ACE inhibitors prolong survival: this means that any beta-blocker study now has to be designed on the basis of all patients being on an ACE inhibitor. Even though ACE inhibitors have a completely different mode of action it may be unrealistic to suppose that the addition of a beta-blocker to an ACE inhibitor will lead to a further reduction in fatality or heart failure. Table 1 lists the beta-blocker studies which were doubleblind and placebo-controlled' 8^'8I : there has been a variety of open studies but these can now be regarded as of mainly historical interest. Publications involving 10 or less patients, and those currently available only in abstract form, have been excluded. Metoprolol has been the most frequently studied drug, presumably because of the initial findings of Waagstein [6) . Acebutolol and labetolol are represented once each, but then interest has clearly shifted to the vasodilating beta-blockers. There have been four studies of bucindolol, and each with carvedilol and nebivolol, and more studies with one each of these have been presented in abstract.
Trials of beta-blockers in heart failure
The overall pattern of these results seems to be that (where reported) symptoms and ejection fraction have improved. There seems to be a tendency suggesting that long-term treatment is more effective than shortterm treatment. So far as it goes, all these drug studies seem to have comparable effects -bucindolol does not stand out as more effective than metoprolol -except that the single study of alprenolol suggested that this drug caused harm rather than benefit. Improvement in ejection fraction and other haemodynamic parameters seems an almost universal finding 119 -201 . Metoprolol (in an open study, not included in Table 1 [21] has been shown in patients with dilated cardiomyopathy to increase ejection fraction, decrease Eur Heart J, Vol. 17 Suppl B 1996 The evidence from clinical trials 19 left ventricular diastolic dimensions, reduce mitral regurgitation, decrease pulmonary capillary wedge pressure and (surprisingly) systemic vascular resistance and this was accompanied by a rise in blood pressure. Carvedilol (again in a short-term open study' 22 ') decreased heart rate, blood pressure and systemic vascular resistance and increased ejection fraction. Bucindolol' 31 increased cardiac index, decreased pulmonary capillary wedge pressure and increased ejection fraction, but in another study 1 ' 21 decreased ejection fraction. Nebivolol increased stroke volume and although there were increases in systemic vascular resistance and pulmonary capillary wedge pressure, these were not significantly different from zero'
191
. Table 1 shows that in the majority of studies involving exercise time, this was improved. There are, however, exceptions with alprenolol causing a reduced exercise time, albeit in a study of short duration' 81 . Although one has to remember the possibility of publication bias, metoprolol seems consistently effective. What is perhaps surprising is that the results with bucindolol are not consistent, with improvement in two' 12 ' 141 , but not in a third'
31
. In a single study of nevibolol'
191
, exercise time was not increased.
Effect of beta-blockers on mortality in heart failure
Only two trials (the Metoprolol in Dilated Cardiomyopathy (MDQtrial' 181 and the study of Xamoterol in severe heart failure 123 ' are anywhere near large enough to give information about the effect of a beta-blocker on mortality in patients with heart failure.
The Metoprolol in Dilated Cardiomyopathy Study was relatively small (383 patients) and was designed to study a combined endpoint of fatal plus nonfatal events. Patients could be in relatively mild failure (NYHA Class II-III, ejection fraction up to 40%) but about 80% were simultaneously treated with an ACE inhibitor. Metoprolol was initially given as 5 mg b.d. and increased slowly to 100-150 mg daily. The trial just failed to achieve a statistically significant reduction in its defined primary endpoint of all cause fatality plus a need for cardiac transplantation: there was a 34% reduction in this combination (95% CI-6 to+ 62%, / > =006) with 23 deaths and two patients needing transplantation in the metoprolol group, compared with 19 deaths and 19 needing transplantation in the placebo group. The 'need for transplantation' as a surrogate for death adds a new complexity to the interpretation of clinical trials, but even so the results of this trial can hardly be claimed to be sufficiently promising to necessitate a widespread change in the clinical management of heart failure.
In the Xamoterol Study 123 ' 516 patients with severe heart failure (NYHA III-IV) despite treatment with diuretics and ACE inhibitors were randomized in a double-blind fashion to treatment with Xamoterol 200 mg b.d. or placebo. There was some suggestion of an improvement in symptoms but not in signs, and there was no improvement in exercise duration in the Xamoterol group. Xamoterol reduced heart rate and blood pressure but did not affect arrhythmias. On an intention to treat analysis there were 39 deaths in the Xamoterol group (91%) and six (3-7%) in the placebo group: this difference was statistically different and led to the premature discontinuation of the trial and the withdrawal of the drug.
Xamoterol is an unusual beta-blocker in being a partial agonist at low heart rates. It could be argued, therefore, that the increase in mortality seen in this study would be particular to Xamoterol and unlikely to be seen with any other beta-blocker. In the absence of further trials with other beta-blocking drugs, however, this is not necessarily a safe assumption to make.
Are beta-blockers effective in both ischaemic
heart disease and dilated cardiomyopathy?
The neuroendocrine responses to heart failure are the same whatever the underlying cause, and it might therefore be assumed that a treatment effective in patients with ischaemic disease would also be effective in those with dilated cardiomyopathy. This is true in the case of angiotensin-converting enzyme inhibitors. On the other hand, the pathology of the heart, and presumably its metabolism, is different in the two circumstances with ischaemic hearts having a mixture of normal (albeit partly ischaemic) muscle and fibrosis, and cardiomyopathies having a generalized abnormality. The problem is further complicated by the simple fact that many patients clinically diagnosed as cardiomyopathy have underlying (or co-existing) coronary disease: detailed investigations including angiography might well not be practicable in a study large enough to show whether or not beta-blockers affect survival. Given the undoubted beneficial effect on survival following myocardial infarction, and especially so in those with failure, one might have expected that betablockers would be particularly valuable when heart failure results from ischaemic disease. However, most published work has been in patients with dilated cardiomyopathy. Table 1 shows that improvement seems equally likely whatever the underlying diagnosis, but in the only study that set out specifically to compare patients with ischaemic disease and cardiomyopathy, improvement was seen only in the latter 1 ' 4 '.
